1. Introduction
===============

Bladder cancer (BC) is one of the most common malignances, with nearly 74,000 newly diagnosed cases each year in the world.^\[[@R1],[@R2]\]^ In China, BC represents the most frequent cancer of genitourinary system in males, which ranks the 8th in all cancers.^\[[@R3]\]^ Meanwhile, with the development of novel detection and diagnosis options as well as the aging population, the incidence of BC has been increasing year by year.^\[[@R4]\]^ Nevertheless, the management options and the corresponding effectiveness for BC are limited. For patients with superficial BC, which accounts for 70% of BC, transurethral resection of the bladder tumor (TURBT) is regarded as the preferred surgical option, while 45% to 80% of patients with superficial BC may undergo disease relapse and progression.^\[[@R5],[@R6]\]^ For patients with muscle invasive BC, radical cystectomy and TURBT followed by concurrent radiation therapy and systemic chemotherapy (trimodality therapy) are recommended, while the trimodality therapy has the shortcoming of large injure, resulting in poor quality of life and 5 year survival rate of BC patients.^\[[@R6],[@R7]\]^ Thus, it is necessary to develop novel management options for patients with BC.

COL5A2, also known as collagen type V alpha 2 chain, has previously been reported to be involved in the pathological process of colorectal cancer,^\[[@R8]\]^ adenomas,^\[[@R9]\]^ breast cancer,^\[[@R10]\]^ and osteosarcoma,^\[[@R11]\]^ etc. However, these studies did not analyze the relationship the COL5A2 expression and clinical outcomes of patients with corresponding cancers, and no studies investigated the clinical relevance of COL5A2 with BC. In the present study, we therefore analyzed the relationship between the expression of COL5A2 and clinical pathological features of patients with BC.

2. Methods
==========

2.1. Microarray studies
-----------------------

Gene expression omnibus (GEO) BC microarray studies GSE13507^\[[@R12],[@R13]\]^ and GSE31684^\[[@R14],[@R15]\]^ were applied to complete correlation analysis and investigate molecular mechanisms. GSE13507, proposed by Kim et al, was annotated with Illumina human-6 v2.0 expression beadchip, containing 165 primary bladder cancer samples obtained from patients with benign disease, and the raw data of GSE13507 was preprocessed using quantile normalization and log 2 transformation. Besides, the detailed clinical information of BC patients was also attached to GSE13507. GSE31684, contributed by Riester et al, was annotated with Affymetrix Human Genome U133 Plus 2.0 Array including 92 BC samples, and the raw data of GSE31684 was preprocessed using gcRMA method.

2.2. Statistical analysis
-------------------------

We categorized BC samples into COL5A2 low expression group and COL5A2 high expression group based on the median of the COL5A2 expression of these 2 microarray studies. The strength of relationship between the expression of COL5A2 and the clinical features (age, gender, TNM staging, tumor grade, disease recurrence, disease progression, and invasiveness) of BC patients was estimated in GSE13507 using Chi-square analysis. Next, log-rank based survival analysis was conducted to compare cancer specific survival and overall survival of patients in GSE13507. *P* value \< .05 was considered statistically significant for both Chi-square test and survival analysis. Finally, we carried out gene set enrichment analysis (GSEA)^\[[@R16],[@R17]\]^ to identify molecular mechanisms related to the impact of COL5A2 on the growth of BC cells.

3. Results
==========

3.1. The expression of COL5A2 and the clinical features of patients with BC
---------------------------------------------------------------------------

Firstly, we studied the relationship between the expression of COL5A2 and the clinical features of patients with BC. As shown in Table [1](#T1){ref-type="table"}, BC patients in COL5A2 low expression group were associated with better invasiveness (*P \< *.0001), tumor grade (*P*=.001), T staging (*P \< *.0001), N staging (*P = *.002), and a trend of better M staging (*P = *.053) than those in COL5A2 high expression group. These results indicated that COL5A2 might promote the progression of BC cells.

###### 

The relationship between COL5A2 expression and the clinical characteristics of patients with bladder cancer.
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3.2. Patients in COL5A2 low expression group were associated with better survivals
----------------------------------------------------------------------------------

Next, we analyzed the cancer specific survival and overall survival of BC patients in COL5A2 low expression group and COL5A2 high expression group, respectively. As shown in Figure [1](#F1){ref-type="fig"}, BC patients in COL5A2 low expression group were associated with better cancer specific survival (HR = 0.2084, 95% CI: 0.103--0.4216, *P \< *.0001) and overall survival (HR = 0.3459, 95% CI: 0.2109--0.5671, *P \< *.0001) compared with those in COL5A2 high expression group.
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3.3. Gene set enrichment analysis (GSEA)
----------------------------------------

To clarify the molecular mechanisms regarding the expression of COL5A2 on the proliferation of BC cells, another GSE31684^\[[@R14],[@R15]\]^ was used to perform GSEA^\[[@R16],[@R17]\]^ based on expression of COL5A2. The results of GSEA suggested that BC samples in COL5A2 high expression group were enriched in "Coagulation,""Hypoxia,""Apical junction,""Ultraviolet response,""Epithelial mesenchymal transition,""Angiogenesis,""KRAS (KRAS proto-oncogene, GTPase) signaling ,""Complement,""IL2-stat5-signaling,""Inflammatory response,""IL6-jak-stat3-signaling,""Myogenesis,""TNF α signaling,""Apoptosis,"and"Hedgehog-signaling." These findings indicated that COL5A2 might impact the growth of BC cells through the above biological processes.

4. Discussion
=============

As stated above, BC is a malignant disease with relatively high incidence, limited management options and poor clinical outcomes. It is of great importance to develop novel biomarkers that can predict the clinical outcomes of BC patients.^\[[@R6]\]^

The present study demonstrated that patients in COL5A2 low expression group were associated with better clinicopathological phenotypes in terms of tumor grade, invasiveness, T staging, N staging, cancer specific survival, and overall survival. These results uncovered that COL5A2 might predict poor clinical outcomes of BC patients. Actually, previous studies have revealed that COL5A2 might participate in the pathological processes of several human cancers. For instance, Fischer et al^\[[@R8]\]^ found that COL5A2 was expressed in colorectal cancer but not in normal colon, suggesting that COL5A2 was implicated in the carcinogenesis of colorectal cancer. Guillen-Ahlers et al^\[[@R9]\]^ supported that COL5A2 was upregulated in adenoma-derived dysplastic epithelial cells. Furthermore, the results of microarray studies conducted by Vargas et al^\[[@R10]\]^ showed that the expression of COL5A2 was increased in invasive breast cancer compared with that in ductal carcinoma in situ, which was also associated with extracellular matrix (ECM) remodeling, indicating that COL5A2 was related to tumor progression of breast cancer. Wu et al^\[[@R11]\]^ concluded that COL5A2 was upregulated in osteosarcoma cells, and it might considered as a diagnostic marker for osteosarcoma. In sum, the conclusions of literature review confirmed that COL5A2 was correlated with tumorigenesis and tumor progression including BC. Nevertheless, none of the above studies analyzed the correlation between COL5A2 expression and clinical outcomes of patients with corresponding cancers.

Collagens are the main fibrous proteins of connective tissue and are the most abundant proteins of the extracellular matrix (ECM).^\[[@R18]\]^ GSEA, a computational method that determines whether an a priori defined set of genes shows statistically significant, concordant differences between 2 biological states (e.g., phenotypes), has been widely used in various medical and molecular studies to deduce and identify molecular mechanisms that involved in vivo and intro. The results of these have been widely accepted and made a profound influence.^\[[@R19]--[@R21]\]^Our GSEA results indicated that COL5A2 might promote the progression of BC cells through "Coagulation," "Hypoxia," "Apical junction," "Ultraviolet response," "Epithelial mesenchymal transition," "Angiogenesis," "KRAS signaling ,""Complement,""IL2-STAT5 signaling," "Inflammatory response," "IL6-JAK-STAT3 signaling," "Myogenesis," "TNF-α signaling," "Apoptosis," and \"Hedgehog signaling". Thereinto, coagulation, hypoxia, apical junction, epithelial mesenchymal transition and angiogenesis were the most enriched gene sets, reflecting that COL5A2 might affect the growth of BC cells through ECM remodelling (Table [2](#T2){ref-type="table"}).
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Moreover, for coagulation pathway, the most significantly enriched biological process, several studies proved that it was concerned with the carcinogenesis of multiple human cancers such as lung cancer,^\[[@R22]\]^ esophageal cancer,^\[[@R23]\]^ ovarian cancer,^\[[@R24]\]^ and colorectal cancer.^\[[@R25]\]^ More enriched biological processes including apical junction, ultraviolet response, epithelial mesenchymal transition, angiogenesis, and other well-known signaling pathway were also reported to be involved in the biological activities of various cancers.

This is a retrospective analysis of gene expression data of bladder cancers, demonstrating that COL5A2 was associated poor clinical outcomes and survivals of patients with BC and could be regarded as a biomarker of bladder cancer, Meanwhile, the evidences and conclusions of our study would be more robust when in vivo and in vitro studies and prospective cohort studies was conducted.

Taken together, our findings demonstrated that COL5A2 was associated with poor clinical outcomes and survivals of patients with BC, implying that it could be regarded as a biomarker of BC.

Abbreviations: BC = bladder cancer, COL5A2 = collagen type V alpha 2 chain, ECM = extracellular matrix, GEO = gene expression omnibus, GSEA = gene set enrichment analysis, TURBT = transurethral resection of the bladder tumor.
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